Why is Palmitic Acid of Interest to Dairy Producers.
What is the possibility of a Canadian source ?

David Christensen and Bernard Laarveld

Department of Animal and Poultry Science.
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Plant Sources of Palmitic Acid

Plant oil Fat and Fatty Acid Composition (% of fatty acids)

Source Lipid |Palmitic | Stearic  Oleic  Linoleic Linolenic
% Cl6:0 | Ci180 Ci181 (182 C18:3
Palm 35 _42 4 38 9 2
Flax 40 5.2 3.4 18 15 58
Soybean 20 9 5 45 37 3
Canola 40 2 55 26 10
Cottonseed 20 20 3 24 42 2
Sunflower 40 7 5 19 66 1
NuSun (Sunflower) 40 4 3 70 23 0.1
CAS-12 Spain 40? 32.1 6.4 45 11.4 0.5
Butter 82 26 11 28 2 0.5
Beef Tallow 80 27 7 48 2 0.1
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						%		C16:0		C18:0		C18:1		C18:2		C18:3

				Palm		35		42		4		38		9		2

				Flax		40		5.2		3.4		18		15		58

				Soybean		20		9		5		45		37		3

				Canola		40		4		2		55		26		10

				Cottonseed		20		20		3		24		42		2
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Basic Description of Palmitic and Oleic Acids

Oleic is the main fatty acid in canola oil

Characteristics of Palmitic and Oleic acids

Characteristic Palmitic Oleic
Chemistry Saturated  One unsaturate
Structure C16:0 C18:1
Melting point °C 62.9 16.3
Solubility in water 0.50% Nil

Gross energy, Mg/kg 9.30 9.30
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Uses of Palmitic Acid

Soap manufacture

Cosmetics

Improve processed food texture
As a drug carrier

Rumen protect nutrients (Choline)
Fed to increase milk fat yield (%)

Medical Use

— Treat schizophrenia
— To increase penis size



Palmitic Acid and the Dairy Cow

Solid in the Rumen, temp of ~ 39 C, melts at 63 C
Not soluble in rumen fluid, maybe 0.5%

Not toxic, 6 kg in one feeding could kill half of
the cows (LD.,).

May be slightly irritating to skin and eye. Keep
away from contact lenses.

Approximately 35% of Palmitic acid eaten is
transferred to milk, the remainder is used for
energy or stored as body fat.



Palmitic is Different From
Oleic Acid (18 Carbon) in the Rumen

e |If the rumen pH is 7.0 (neutral), not acidic, there
are equal proportions of H* and OH-.

 As the rumen pH becomes acidic, there are a
higher proportion of H".

* These H* molecules are looking for a home and
attach to unsaturated fatty acids such as oleic

acid.

wprs - IN oleic acid there is room for two H on the omega-9
s carbon. If they attach there the process is called
biohydrogenation. The product is stearic acid.

Palmitic acid is fully saturated and not hydrogenated
or altered in the rumen.
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Palmitic acid increased yields of milk and milk fat and nutrient
digestibility across production level of lactating cows

P. Piantoni, |A. L. Lock, and M. S. Allen’
Department of 4nimal Science) Michigan State University, East Lansing 48824

Palmitic Acid Trial (Lock and Allen, 2013) ——> Palmitic Acid Transfer to milk ,%

2% of TMR DM Control  Palmitic Fatty Acid Control Palmitic

TMR Intake, kg DM 27.8 27.8 C16:0, Palmitic 33.0 37.6

Milk, kg/day 44.9 46.0 C18:0, Stearic 8.77 7.77

Fat, % 3.29 3.40 C18:1, cis Oleic 17.1 16.4

Fat, kg/day 1.45 1.53

Protein, % 3.11 3.09

Protein, kg/day 138 1.41 University of Saskatchewan trial

SCC, '000 36.5 13.6 300 grams fed per cow as top dress

Milk, MUN, mg/d| 150  14.8 ! , Milk recovery

Body weight, kg 779 73 Early to ml-d-lactatlon 35.00%
Late lactation cows 38.80%

BCS 2.99 2.93




Milk fatty acids

		

				Palmitic Acid Transfer to milk (Lock and Allen, 2013)

						Milk Fatty Acid Composition

				Fatty Acid		Control		Palmitic		Foth

				C4:0, Butyric		2.95		2.94		0.71

				C6:0,		2.11		2.02		1.79

				C8:0,		1.31		1.21		1.17

				C10:0,		3.43		3.10		2.65

				C12: 0,		4.11		3.68		3.04

				C14:0,  Myristic		12.4		11.3		10.12

				C16:0,  Palmitic		33.0		37.6		35.75

				C18:0,  Stearic		8.77		7.77		10.06

				C18:1,  cis Oleic		17.1		16.4		26.02

				C18:1,  trans Oleic		1.97		1.81		NA

				Other fatty acids		12.85		12.17		8.69





Milk production

		

				Palmitic Acid Transfer to milk (Lock and Allen, 2013)

				Milk Production and Composition														Palmitic Acid Trial (Lock and Allen, 2013)

						Control		Palmitic										2% of TMR DM		Control		Palmitic

				TMR Intake, kg DM		27.8		27.8										TMR Intake, kg DM		27.8		27.8

				Milk, kg/day		44.9		46.0										Milk, kg/day		44.9		46.0

				Fat, %		3.29		4.40										Fat, %		3.29		3.40

				Fat, kg/day		1.45		1.53										Fat, kg/day		1.45		1.53

				Protein, %		3.11		3.09										Protein, %		3.11		3.09

				Protein, kg/day		1.38		1.41										Protein, kg/day		1.38		1.41

				SCC, '000		36.5		43.6										SCC, '000		36.5		43.6

				Milk, MUN, mg/dl		15.0		14.8										Milk, MUN, mg/dl		15.0		14.8

				Body weight, kg		722		723										Body weight, kg		722		723

				BGS		2.99		2.93										BCS		2.99		2.93
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				Palmitic Acid Transfer to milk (Lock and Allen, 2013)

				Palmitic acid intake and transfer

						Control		Palmitic

				Total fatty acid intake, g/day		707		1258

				Palmitic acid intake, g/day		136		687

				Palmitic acid absorbed, g/day		92		342

				Palmitic absorbed, %		68		50

				Stearic acid intake, g/day		533		531

				Stearic acid absorbed, g/day		389		399

				Stearic absorbed, %		73		75

				Milk Palmitic, g/day		450		539

				Milk Palmitic, % of absorbed		115		102

				Milk stearic, g/day		118		111

				Milk Stearic, % of absorbed		162		148





Digestibility

		

				Palmitic Acid Transfer to milk (Lock and Allen, 2013)

				Digestibility, %

						Control		Palnitic

				Dry Matter		64		66

				NDF		36		39

				Crude Protein		64		66

				Starch		97		97

				Total fatty acids		71		61

				Palmitic Acid		68		50

				Stearic acid		73		76





Ration

		

				Palmitic Acid Transfer to milk (Lock and Allen, 2013)

				Rations, % of Dry Matter

				Ingredients		Control		Palmitic

				Corn silage		25.8		25.8

				Alfalfa silage		7.33		7.34

				Alfalfa hay		6.23		6.23

				Corn grain, ground		31.2		31.2

				Soybean meal		12.5		12.5

				Soy hulls		9.2		7.19

				Palmitic source, 99%		0.0		1.98

				Whole cottonseed		3.64		3.64

				Viramin mineral supp		4.18		4.18

				Composition

				Crude protein		15.9		15.7

				NDF		19.1		19.1

				Starch		29.3		29.2

				Total fatty acids		2.52		4.77

				Palmitic acid		0.46		2.43
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				Palmitic Acid Transfer to milk (Lock and Allen, 2013)

						Milk Fatty Acid Composition

				Fatty Acid		Control		Palmitic		Foth										Palmitic Acid Transfer to milk ,%

				C4:0, Butyric		2.95		2.94		0.71										Fatty Acid		Control		Palmitic

				C6:0,		2.11		2.02		1.79										C16:0,  Palmitic		33.0		37.6

				C8:0,		1.31		1.21		1.17										C18:0,  Stearic		8.77		7.77

				C10:0,		3.43		3.10		2.65										C18:1,  cis Oleic		17.1		16.4

				C12: 0,		4.11		3.68		3.04

				C14:0,  Myristic		12.4		11.3		10.12

				C16:0,  Palmitic		33.0		37.6		35.75

				C18:0,  Stearic		8.77		7.77		10.06

				C18:1,  cis Oleic		17.1		16.4		26.02
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				Other fatty acids		12.85		12.17		8.69
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				Alfalfa silage		7.33		7.34

				Alfalfa hay		6.23		6.23

				Corn grain, ground		31.2		31.2
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Composite

				Treatments: R = Regular, H = High																				Treatments: R = Regular, H = High																				Treatments: R = Regular, H = High

				Edited DAC Jan 23, 2013						Control Period, 1								SCC 										RP10 Period										SCC 						Edited DAC Jan 23, 2013						Control Period, 2								SCC 		Milk

				Cow 		Treatment		Lactation		DIM		Milk kgs		% Fat		% Protein		(000's/ml)						Cow 		Treatment		Lactation 		DIM		Milk kgs		% Fat		% Protein		(000's/ml)						Cow 		Treatment		Lactation		DIM		Milk kgs		% Fat		% Protein		(000's/ml)		Pers, %

				718		H		3		26		56.0		3.8		3.1		50						718		H		3		68		46.0		3.6		3.0		900						718		H		3		104		45.5		3.4		3.2		370		99

				726		H		3		32		63.0		4.1		3.2		21						726		H		3		74		62.0		4.0		3.1		31						726		H		3		110		49		3.8		3.2		15		83

				730		H		3		74		54.5		3.6		3.3		354						730		H		3		116		53.0		3.5		3.3		32						730		H		3		152		49.5		3.3		3.2		25		95

				746		H		2		24		54.5		4.3		3.2		18						746		H		2		66		56.0		3.9		3.2		15						746		H		2		102		46.5		4.4		3.3		33		86

				767		H		2		56		59.0		3.8		2.7		30						767		H		2		98		59.5		3.3		2.8		13						767		H		2		134		54		3.1		2.9		22		92

				773		H		2		68		46.0		3.4		3.2		10						773		H		2		110		50.5		3.4		3.3		12						773		H		2		146		48		3.7		3.5		18		96

				774		H		2		84		44.5		3.5		3.1		17						774		H		2		126		51.0		3.2		3.3		17						774		H		2		162		46.5		3.4		3.3		38		93

				776		H		2		43		46.0		3.6		3.1		15						776		H		2		85		48.0		4.0		3.2		11						776		H		2		121		47		3.6		3.2		29		96

				781		H		2		12		48.5		3.7		3.1		45						781		H		2		54		57.5		3.3		3.1		16						781		H		2		90		50		3.5		3.1		23		89

				825		H		1		89		39.5		3.9		3.4		121						825		H		1		131		42.0		4.5		3.6		65						825		H		1		167		38		4		3.7		82		92

				827		H		1		64		40.0		3.5		2.9		13						827		H		1		106		40.0		3.5		3.1		10						827		H		1		142		36		3.4		3.1		28		92

				828		H		1		47		39.0		3.8		3.2		17						828		H		1		89		40.0		4.2		3.5		22						828		H		1		125		35.5		4.4		3.5		31		91

				829		H		1		11		31.0		3.6		3.2		45						829		H		1		53		42.0		3.4		2.9		15						829		H		1		89		40.5		3.2		2.9		22		97

				834		H		1		70		39.5		3.4		3.0		57						834		H		1		112		38.0		3.8		3.2		66						834		H		1		148		35		3.8		3.3		35		93

				836		H		1		11		31.5		4.4		3.2		32						836		H		1		53		37.0		4.0		3.3		29						836		H		1		89		37		4		3.3		50		100

				841		H		1		28		39.0		3.3		2.6		18						841		H		1		70		41.5		3.3		2.8		16						841		H		1		106		35.5		3.4		3.1		25		88

				820		H		1		51		44.0		3.4		2.9		24						820		H		1		93		39.5		3.6		3.1		28						820		H		1		93		39.5		3.6		3.1		28		100

				Average				17		46		45.6		3.71		3.08		52						Average				17		88		47.3		3.68		3.16		76						Average				17		122		43.12		3.65		3.23		51		93.1

				Yield										1.693		1.406								Yield										1.738		1.496								Yield										1.573		1.392

																								Difference										0.044		0.082



				662		R		4		221		49.0		3.8		3.0		18						662		R		4		263		32.5		4.2		3.4		95						662		R		4		299		23.5		3.9		3.5		43				77

				696		R		3		248		35.0		3.8		3.5		704						696		R		3		290		36.5		3.4		3.6		545						696		R		3		326		23.5		3.3		4		555				70

				713		R		3		205		40.5		3.6		3.2		63						713		R		3		247		41.5		3.2		3.3		44						713		R		3		283		38.5		3		3.3		81				94

				744		R		2		311		29.5		5.3		4.2		29						744		R		2		353		28.0		5.8		4.1		57						744		R		2												Dry

				751		R		2		153		46.0		3.7		3.2		61						751		R		2		195		42.5		3.8		3.5		188						751		R		2		231		35.5		3.8		3.4		102				86

				755		R		2		259		38.0		4.1		3.8		89						755		R		2		301		37.5		4.4		4.2		99						755		R		2		337		23		4.3		4.6		68				68

				793		R		1		251		25.0		3.1		3.5		294						793		R		1		293		19.5		3.2		3.4		329						793		R		1												  ??

				796		R		1		244		30.5		3.4		3.4		39						796		R		1		286		33.5		3.7		3.8		21						796		R		1		322		30.5		3.6		3.6						93

				797		R		1		276		25.0		3.8		3.7		16						797		R		1		318		22.5		4.4		3.9		30						797		R		1												Dry

				798		R		1		215		30.0		3.7		3.3		1074						798		R		1		257		28.5		3.8		3.7		914						798		R		1		293		17.5		3.9		4.1		690				68

				801		R		1		267		35.0		3.7		3.7		105						801		R		1		309		31.5		4.2		4.1		158						801		R		1		345		15.5		4.1		4.7		165				58

				802		R		1		281		24.5		4.1		3.7		1313						802		R		1		323		20.5		5.3		4.0		378						802		R		1												Dry

				803		R		1		221		31.0		4.3		3.8		57						803		R		1		263		29.0		4.7		3.7		55						803		R		1		299		23		4.6		4.1		37				83

				805		R		1		310		31.5		3.6		3.7		158						805		R		1		352		25.0		4.8		4.0		502						805		R		1		388		23.5		4.3		4.3		566				95

				806		R		1		285		22.0		4.1		3.6		20						806		R		1		328		11.5		4.6		4.0		252						806		R		1												Dry

				808		R		1		287		32.5		3.6		3.5		39						808		R		1		329		27.0		4.2		3.7		57						808		R		1												Dry

				809		R		1		189		38.5		3.5		3.0		134						809		R		1		231		38.0		3.9		3.1		103						809		R		1		267		30		3.6		3.1		77				83

				812		R		1		198		33.0		4.2		3.7		176						812		R		1		240		34.5		4.4		3.9		201						812		R		1		276		34		3.9		3.7		459				99

				813		R		1		230		38.5		3.7		3.3		22						813		R		1		272		37.5		4.1		3.3		26						813		R		1		308		32.5		3.9		3.6		32				89

				Average				19		245		33.4		3.85		3.52		232										19		287		30.4		4.22		3.72		213						Average				13		306		26.96		3.86		3.85		240				81.8

														1.286		1.175																		1.280		1.130								Yield										1.041		1.037





																																										Dry cows, average of Control 1, and RP 10 periods

																																										Control 1		744		R		2		311		29.5		5.3		4.2		29

																																												793		R		1		251		25.0		3.1		3.5		294

																																												797		R		1		276		25.0		3.8		3.7		16

																																												802		R		1		281		24.5		4.1		3.7		1313

																																												806		R		1		285		22.0		4.1		3.6		20

																																												808		R		1		287		32.5		3.6		3.5		39

																																										RP 10		744		R		2		353		28.0		5.8		4.1		57

																																												793		R		1		293		19.5		3.2		3.4		329

																																												797		R		1		318		22.5		4.4		3.9		30

																																												802		R		1		323		20.5		5.3		4		378

																																												806		R		1		328		11.5		4.6		4		252

																																												808		R		1		329		27.0		4.2		3.7		57

																																												Average						303		23.96		4.29		3.78		235

																																												Yield										1.028		0.904





Composition and Yield summary

								Summary of Milk Composition and Yield										 

						DIM		Milk kgs		 Fat %		Fat , kg		Protein %		Protein kg		SCC 

				 High Group

				Control 1		46		45.6		3.71		1.693		3.080		1.406		52

				Control 2		122		43.1		3.65		1.573		3.230		1.392		51



				Control Average		84		44.4		3.68		1.633		3.155		1.399		51.5

				RP 10		88		47.3		3.68		1.738		3.160		1.496		76.0

				RP 10 increase, g/day								0.105				0.097

				Percent recovery								35.0



				Regular Group																		      University of Saskatchewan trial

				Control 1		245		33.4		3.85		1.286		3.52		1.175		232				      300 grams fed per cow as top dress

				Control 2		306		27.0		3.86		1.041		3.85		1.037		240										Milk recovery

																						Early to mid-lactation						35.00%

				Control Average		276		30.2		3.86		1.164		3.69		1.106		236				Late lactation cows						38.80%

				RP 10		287		30.4		4.22		1.280		3.72		1.130		213

				RP 10 increase, g/day								0.117				0.024

				Percent recovery								38.8



				Economic impact		Sask, Dec				High		Regular

				Fat, $/kg		$12.077				$1.27		$1.41

				CP, $/kg		$9.077				$0.88		$0.22

				OS, $/kg		$   1.368

				Increased  Income, $/d						$2.15		$1.62

				Increased cost						$   0.60		$   0.60

				Net benefit per cow daily						$   1.55		$   1.02

				Six cows were dried off before completion of Control period 2.  See composite summary for

				Control 1 and RP 10 periods. Minimal effect.

				Above summary based on period averages, not weighted by individual cow. That could be

				done.

				Feed intake by group and period will be summarized, but groups and periods were not

				constant through all three periods. TMR composition (CVAS) will be determined for each group.






Plant Breeding Methods to Produce a
Canadian Palmitic Acid Oilseed

e Selection of plants/seeds with high palmitic
acid. Was used with rapeseed to produce canola.

 Exposure of seed to a mutagen that disrupts
DNA in the seed. Grow the seed and hope to
find a high palmitic strain. Spanish method for
sunflower. Will they supply their genetics? Not
a GMO method.

 Move high palmitic genes from oil palm or
other sources to produce a high palmitic crop.
Many new techniques. A GMO method



Table 1. Fatty acid composition in mutant sunflower lines.

Fatty acid composition, % of total
Phenotype Treatment 16:0  16:1 18:0 181 18:2  Reference

Common oil — 8 — 4 35 3 —

High 16:0 y-rays 25 - - 1 36 [vanov et al. 1988
X-rays 30 8 l 10 20 Mancha et al. 1994

High 16:1 X-rays 30 8 l 10 30 Mancha et al. 1994

High 18:0 Sodium azide 3 — 14 35 46 Mancha et al. 1994
High 18:1 DMS - - 3 19 14 Soldatov 1976
High 18:2 EMS, X-rays 3 — 3 12 80 Schmidt et al. 1990

Research froml Novi Sad, Serbia.

Can. J. Physiol. Pharmacol. 86: 215-221)(2008)




Enzymatic characterisation of high-palmitic acid sunflower
(Helianthus annuus L.) mutants Planta {1999)|207: 533-538

Enrique Martinez-Force, Rosario Alvarez-Ortega, Rafael Garcés

Instituto de la Grasa. Consejo Superior de Investigaciones Cientificas. Apartado 1078, E-41080 Sevillal Spain

Received: 11 July 1998 | Accepted: 10 October 1998

Table 1. Fatty acid composition of total lipids from seeds of mutant sunflower lines (
HA-OLY, at 15 DAF. SD < 2.5%

Fatty acid composition (mol %)*

16:0 16:1 16:2 18:0 18:1 18:1

A9 A9A12 A9 All

RHA-274 8.0 0.2 7.1 51.9 0.3

CAS-5 31.5 X 0.7 2.8 12.7 3.6
HA-OL9 5.6 0.1 6.4 80.1 :

CAS-12 32.1 4.5 0.3 3.8 42.3 3.3
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A NEW SUNFLOWER MUTANT WITH INCREASED
LEVELS OF PALMITIC ACID IN SEED OIL

4 )

Velasco. L.. Pérez-Vich. B. and Fernandez-Martinez. J.M.

Imstituto de Agricultura Sostenible (CSIC). Alameda del Obispo s/m.
\E-14004 Cordoba. Spain )
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Figure 3: Palmitic acid content of two M3.4
families derived from M5 seeds
with high palmitic acid content.
and the high palmitic acid mutant
CAS-5 grown as a checlk in the
same environment.
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Processing Palm Oil to Produce Palmitic acid

Palm olein is the liquid fraction obtained from fractionation of
palm oil. The fractionation process involves a physical process of
cooling the oil under controlled conditions to low temperatures,
followed by filtration of the crystals through a membrane press.
The liquid olein and solid stearin are products of fractionation,
and they are the major products exported.

Separation of Palmitic acid would require hydrolysis before cold

separation of Palmitic acid. Sunflower seed processing
method would have to be

developed, unless direct feeding
of sunflower seeds to dairy cows

Glycerol is proven effective.

Three fatty
acids




How Big is the Canadian Dairy Market for a
Palmitic Acid Product?

29,000 cows in Saskatchewan. 30% fed 0.3 kg
Palmitic product per cow daily, 2.61 tonnes per
day, 952 tonnes per year. Market value at $2,000
per tonne = $2 million/yr.

Canadian market. 950,000 cows, 30% market

penetration and 0.3 kg per cow daily. 85.5 T per
day. 31,200 T/yr x $2,000 = $62.4 million/yr.

Cost of research? Value of meal, other fats?
Economic multiplier effect? Export opportunity?

World palm oil production is 50 million tonnes
per year. Oil yield per acre is 10 times Canola.



Is Palmitic Acid a Health Concern?

Not for dairy cows.

Will raise LDL (bad) cholesterol, but not HDL
(good) cholesterol in people.

Has not been shown to impair circulatory health,
but could be a factor in lower bowel cancer.
Mainly with processed meats.

Reduces butter softness by about 10% if cows fed
palmitic acid.

Milk palmitic acid is increased by 3% or 0.20 g in a
liter of milk. This is about 1.2 kcal in a diet of 2500
kcal/day.



Now What??

e Acquire and evaluate existing high palmitic
Sunflower strains from Spain or?

— Feed a new high palmitic Sunflower variety
directly or use an existing Biodiesel company to
extract and produce an 88% palmitic product?

 Encourage Canadian Plant breeders to
develop a new high Palmitic Sunflower,
Canola or Flax by mutagenic or GMO
methods? Long term, strategic and high cost.

 Market survey to estimate market potential
and cost of research. Time line?



Benefit to the Canadian Economy of a new high Palmitic Oilseed?
How to Initiate a Plan?

The Role of Dairy Producers?
The team required

Economist
Plant geneticist Implementation of a Plan
Agronomists O Would require Provincial initiative

Process Engineer
Nutritionist

Feed industry
Dairy producers

g

O Call for proposals by a consortium
O Fund $2 to 3 million over 5 years or more

O O O0OO0OO0O0OOo
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